The aim of the study is to investigate the relationship between the spatial distribution of the selected medical equipment and the preventable mortality rate in the regions of the Slovak Republic. The main analytical approach is carried out through the cluster analysis based on a Euclidean distance technique in order to get similarity of the administrative divisions in form of a district and a pseudot2 approach aimed at the determination of a number of the districts in a cluster. A number of medical equipment had a rising tendency from the year 2008. The most extreme position according to a localisation distribution of the computed tomographs and the magnetic resonance imaging scanners is held by the Košice IV District at the level of 7.50630. From an angle of view of the preventable mortality, the Piešt'any District holds the most extreme position peaking at the level of 10.97969 for the female sex and the Kežmarok District with the value of 9.44088. The study has the significant dissemination outputs for health policy interventions, especially to draw up regional health plans for computed tomography and magnetic resonance imaging deployment, mainly in locations with a high preventable mortality rate for both sexes.
Introduction
In the last decade, attention in measuring and evaluating the healthcare system has increased significantly in both the professional sphere and the scientific sphere. This topic is the subject of many research studies, being studied at a national level as well as a regional level in order to capture regional disparities and uncover critical bottlenecks in the healthcare system. Measurement of the efficiency of the healthcare system is methodologically very complex, due to variations in individual systems, different infrastructure, market dynamics, epidemiology, and demography of the country. Demographic forecasts are not optimistic and indicate an increasing prevalence of demand for healthcare as well as its cost. The aging of the population, the introduction of new diagnostic and treatment technologies gradually increase health spending of the countries. Strict budget constraints put pressure on policymakers and other stakeholders to introduce more systematic and efficient ways of measuring and evaluating healthcare systems in order to improve the health of the population and responsibility, management and resource efficiency in the healthcare system of the country. Quantification of the healthcare system efficiency is a cardinal problem in a majority of the countries. As several research studies have declared, the Slovak Republic healthcare system offers a wide scope of opportunities for improvement with the intention of enhancing efficiency [1] [2] [3] [4] .
In recent time, the Ministry of Health of the Slovak Republic has introduced the concept of stratification of hospitals, whose aim is to significantly improve institutional healthcare by the year 2030. So far, there are major differences in the quality of healthcare provided by the healthcare facilities in the Slovak Republic. This concerns the mortality rate, reoperation, and rehospitalisation of patients. Exploring the causal relationships between these components and the factors that affect them is also at the forefront. Finding more effective and systematic ways of measuring and evaluating healthcare systems requires discovering a number of analytical trajectories that relate not only to outcomes such as mortality rate, reoperation, and rehospitalisation, but also to the process parameters. This means the investigation of the effects of inputs-in this case, the deployment of selected medical equipment-on outcomes that are represented by preventable mortality in the studied area. This research trajectory makes it possible to evaluate the optimisation of healthcare availability in relation to its demand structures in the individual regions in the terms of healthcare requirements for different age categories, specialised and long-term healthcare, and the other specific areas. These fundamental facts create the motivation to carry out this study, whose main objective is to explore the relationships between the spatial distribution of medical equipment and preventable mortality. This type of mortality is selected because of an orientation in computed tomography and magnetic resonance imaging, which play an important role in a diagnostic process.
The international importance of such research lies primarily in comparative aspects. There are clear trends in the healthcare systems, especially health and economic aspects of the usage of the medical equipment, while its localisation at a regional level as well as a national scale is subject to centralisation or decentralisation within the national healthcare system. The health needs of the regions must reflect the demographic characteristics of the population, the prognosis of its development, the economic and social aspects affecting health behaviour and thus, the demand for healthcare too. It is also necessary to examine the availability of healthcare not only in the terms of geographic and economic parameters, but also regarding the distribution of the specialised medical equipment, whose nonoptimal distribution may cause fluctuations in the development of mortality of the various diseases.
The medical equipment is one of the determinants of the healthcare quality and it also influences the accessibility of the healthcare provision. Usually, the factors like numbers of patients, doctors, beds, and so forth, in the context of the development of the standardised mortality rate are often analysed, but there is a lack of the studies aimed at the preventable mortality with relation to an investigation of their relationship. Such research is done with an assumption that healthcare service is provided at the highest level as it could be at the time of the analysis. Hence, this analysis is aimed just right on the medical equipment and especially, the two most used pieces of the medical equipment aimed at diagnostic purpose. The essential aim of the analysis is to provide a valuable platform for national and regional policymaking to develop strategic framework concepts as well as to establish accurate criteria to identify the necessary primary and secondary prevention programmes for the region and to regulate the availability of healthcare that has a significant impact on preventable mortality.
The structure of the paper is common as, firstly, it offers a general entrance into the topic in a form of the fundamental introduction. Secondly, the Background section involves several scientific sources that create a comprehensive literature review of the issues related to the examined topic. Thirdly, the Data and Methodology section offers information about the data inputted into the analysis and also about the methods and the approaches applied in order to get a precise desired outcome determined at the end of the Introduction section. Fourthly, the Results section introduces the analysis outcome followed by the fifth section, Discussion, where the main results are discussed with the other studies in this field. Finally, the Conclusion section offers substantial findings and, hence, it summarises the whole analysis and introduces potential further research.
Background
A number of strategies aimed at achieving an optimum combination of computed tomograph investments in the South Side of Chicago are explored in the study applying a linear programming technique [5] . The results of their analysis show that the proper distribution of computed tomographs is equally important for cost-cutting processes as well as ensuring the necessary numbers. The overcapacity of any of the computed tomographs does not mean the inefficiency of the health care processes. Research findings point to the importance of monitoring the economic processes of healthcare as a system to ensure that it is both accessible and efficient.
An increase in the number of computed tomographs during the explored period led to a rise of the regional differences in their deployment and usage is conclude in another study [6] . To increase the efficiency of their use, the authors propose to create a regional computed tomograph system for their optimum regional distribution and though, their efficient usage. According to the economic calculations, an increase in the number of computed tomographs may result in lower overall costs within the regional computed tomography system.
The experience of the health plan operator with the accreditation of imaging services and the demand for a supply of new services is offered in the study [7] with an application of the so-called Roemer's Law [8] . They apply the data from the period beginning in the year 1998 and ending in the year 2004, which they use computed tomographs and magnetic resonance imaging scanners as a part of the health system plans during. The authors express these pieces of the medical equipment have the potential to generate increased demand for health services in their analysis outcome. However, the innovations in the health processes can boost their usage without increasing an actual demand for health services.
Also, the impact of a geographic approach on the late breast cancer diagnosis is investigated in the study [9] . In the period from the year 2004 to the year 2006, research was conducted on 164,619 women aged 40 years and over in the ten states of the United States of America. Although a geographical approach to mammography is not a significant predictor of the breast cancer diagnosis at a later stage, women in very poor areas, or without health insurance are at the greatest risk of diagnosing breast cancer at a later stage regardless of geographical location and they cannot benefit from targeted health interventions.
The usage of imaging techniques in stroke suspected in Scotland is investigated in another study [10] . The subject of their interest is a geographical approach aimed at the analysis of geographical and digital demographic data through the geographic information systems. They study access to imaging techniques for patients with stroke during working hours. The authors report that radiological departments are fully exploited, but during weekends in many regions, the availability of computed tomography services is limited by vascular stroke cases. It is also an appeal to policymakers to reflect on these findings, and to deal more widely with the availability of computed tomography examinations even on weekends.
There are the authors who investigate geographic aspects in the distribution of medical equipment from a microeconomic point of view and the other authors from a macroeconomic point of view. There are several interesting findings offered by the study taking into consideration a macroeconomic point of view [11] . The authors examined the efficiency of a decentralised approach to healthcare in South Africa in the period from the year 2013 to the year 2016. According to their findings, they state a decentralisation of healthcare cannot resolve the regional disparities in the healthcare system of the country. The reason is high variability in the healthcare processes at a local level, the problems with staff recruitment, and so on. This outcome represents a challenge raised by the assumptions about the efficiency of the decentralised healthcare system.
The macroeconomic study explores a relationship between the health system resources and the economic conditions of the Organisation for Economic Co-operation and Development member countries, extracting the factors related to the introduction of the imaging diagnostic equipment in each observed country [12] . The authors classified the 29 countries into the four groups according to the medical environment and economic indices. The largest impact is kept by a number of hospital beds in a field of computed tomographs and magnetic resonance imaging scanners. Only one group of countries demonstrate the optimum conditions to introduce medical equipment. The authors call for a need to clarify the factors that would increase the likelihood of an efficient medical equipment deployment in each member state by examination of the high-growth medical equipment market.
An important criterion for purchase, deployment and usage of the health equipment in addition to an economic field is their increasing complexity. This is pointed out by the study, which states that it is important to understand the usefulness of the instruments and the methods for evaluation of the usability of the medical equipment, not only in the selection process, but also in the process of purchase [13] .
A review of a relationship between the efficiency of the hospitals and the usage of computed tomographs and magnetic resonance imaging scanners is brought in more detail in the study [14] . The authors examine the 131 hospitals in China in the period from the year 2009 to the year 2013. The study did not differentiate appropriate and inappropriate usage of computed tomographs and magnetic resonance imaging scanners. The results show that higher usage of this equipment is associated with higher inefficiency of the healthcare facilities. Such findings have important political implications for a health system reform in China.
On the most important issues of management of the medical equipment usage in the public health sector in Benin is focused another study [15] . Between the year 2008 and the year 2010, they conducted the two surveys with the key actors in the healthcare system. The 377 questionnaires and the 259 interviews are involved in the first research, whilst the group interviews are engaged in the second round. From the results of the surveys, the authors conclude that the underlying problems are related to corruption at different levels of management and maintenance. The authors call for the necessity of a development of the policy and management tools to regulate the deployment of medical equipment, a usage of reference price lists in the public procurement of these devices, a development of the policy tools to regulate financial resources for the life cycle costs of technology, and the similar control mechanisms. It is also important to create new action plans for healthcare technology management and to develop new related policies.
Assessment of the availability of the healthcare technologies in Nepal is carried out in the study with a definition of the factors leading to optimum availability of the healthcare service and addressing of the problem areas [16] . Although the private health sector is relatively well developed in the country and achieves higher efficiency than the state system, the state system provides better healthcare for patients after injuries. The study highlights a number of categorised problems, the elimination of which would make healthcare more affordable and sustainable. For this, it is necessary to create a system of more efficient planning and management. In relation with the pressures to increase planning and management efficiency in the healthcare facilities, a research interest on finding optimum solutions is a subject of the study with the seven hospitals localised in the Santa Catarine state in the Federative Republic of Brazil [17] . There are surgical facilities, and the research is focused on cardiovascular surgery, which has a high degree of technological diversity due to their specialisation. The authors apply a multicriteria decision aid methodology, which is employed to set the appropriate benchmarks and to identify opportunities for improvement. They emphasise the importance of clinical engineering. At the same time, they call for the need for multidisciplinary engagement of experts in addressing the issue. This is also in line with the findings of the study, which is interested in the research of the healthcare facilities in the Republic of Turkey [18] . These authors point out the importance in introduction and usage of the medical equipment in the process of a reduction of healthcare costs and an increase of healthcare quality. The question of finding optimum ways and addressing the key issues of the availability and efficiency of the usage of modern healthcare technologies is at the forefront. These issues are examined not only at a national level but also at a regional level.
The experts also address an issue of the availability and the economic sustainability of local public healthcare facilities, and they look for ways to achieve higher quality healthcare through the usage of the technological innovations even in smaller regional healthcare facilities [11] .
There are the authors who see a problem in the incorrect specification of user requirements for the medical equipment [19] , the others see an issue in their final stages-in an assessment of the organisational impact of the medical equipment usage [20] .
There are also the studies calling for the importance of the health technology assessment and to take into an account the nonclinical areas [21] [22] [23] [24] [25] [26] . The authors state that the focus is laid on the aspects related to the medical equipment, but an organisational impact remains unexplored in recent years. Many of them can have a critical impact on the healthcare organisation, and they are able to influence decision-making and regulatory processes significantly. This provides an opportunity to find efficient ways to rationalise the usage of the medical equipment-for instance through outsourcing.
The interesting incentives to improve efficiency in this area are also provided by the study [27] . The authors examine the research studies on this issue from a number of the databases with a large proportion of the studies with the mathematical models, the empirical studies and the conceptual documents. The authors point out that research about outsourcing in the usage of the medical equipment, which is called equipment maintenance processes by them, is still in its early stages and therefore, it is necessary to call for further empirical studies and to explore ways to increase efficiency in the usage of the medical equipment.
Data and Methodology
The Data and Methodology section offers a view on the data applied in the analysis and the methodology employed to carry out this analysis with the given data.
The data applied in the analysis come from the National Health Information Center of the Slovak Republic and from the Statistical Office of the Slovak Republic. The data about the medical equipment are provided by the first institution, and it is involved in the annual report of the National Health Information Center about the medical equipment in the healthcare facilities. This analysis takes into consideration the numbers of the two medical equipment-the most expensive ones that serve in practice. These are computed tomographs and magnetic resonance imaging scanners.
The data about the population are established on the year-end basis, that is, it is based on the situation valid on the 31st December of the individual year. The particular original table is marked om7009rr in Datacube [28] , which serves as the main online database of the Statistical Office of the Slovak Republic.
Alongside the scientific methods, a part of the methodology is created also by the territorial understanding of the explored area.
The cluster analysis is employed to get a spatial classification of the individual districts of the Slovak Republic. As a hierarchical method of clustering, a hclust approach [29] is engaged, the pseudot2 approach [30] is selected to determine the numbers of clusters for each case of the analysis [31] .
The pseudot2 approach value is calculated as follows:
where the individual variables express:
j-a rank of the cluster in the first computation, − q-a number of the clusters, Similarity is quantified by the Euclidean distance that is computed through the following formula:
where the comprised variables mean:
The essential explanation of the previously mentioned formula expresses similarity quantified in units of the Euclidean distance. The smaller distance between the districts is, the more similar they are. The original input data are normalised in order to get the applied dimensions comparable within the analysis.
The fundamental legend for heat map says the darker colour is, the more dissimilar pair of the district it is and vice versa. Also, for the standard maps, the legend says that shade of the colour rises with an increasing number of the illustrated dimension.
Preventable Mortality
Preventable mortality is one part of a concept of avoidable mortality. It represents the specific diagnoses which mortality in the terms of causing death can be considered preventable from. Its structure is defined according to the document of Eurostat-the statistical office of the European Union [32] . Defining this cause of death could be also in other way because of usage of another list of preventable mortality diagnoses. For instance, the Office for National Statistics of the United Kingdom of Great Britain and Northern Ireland has its own list [33] .
A whole set of the preventable mortality diagnoses is divided into the following 27 groups of the diagnoses: The groups of the diagnoses are sorted alphabetically according to their abbreviated designation for the first involved diagnosis.
There is to note that because of the data availability for the whole explored period, a few three-digit diagnoses are substituted by two-digit diagnoses. The B17.1 diagnosis is substituted by the B17 diagnosis, the B18.2 diagnosis by the B18 diagnosis, the G31.2 diagnosis by the G31 diagnosis, the G62.1 diagnosis by the G62 diagnosis, the I42.6 diagnosis by the I42 diagnosis, the K29.2 diagnosis by the K29 diagnosis, the K74.0 diagnosis with the K74.1 diagnosis, the K74.2 diagnosis, and the K74.6 diagnosis by the K74 diagnosis, the K86.0 diagnosis by the K86 diagnosis, the I80.1 diagnosis with the I80.2 diagnosis and the I80.3 diagnosis by the I80 diagnosis, and the I82.9 diagnosis by the I82 diagnosis. This alteration does not influence the analysis outcome in any considerable way.
Territorial Division
The elementary territorial division of the explored area is established on the Nomenclature of Territorial Units for Statistics, which serves as the primary geocode standard for Eurostat-the main statistical office of the European Union [34] . The analysis is based on the fourth level of this standard that is represented by the individual districts of the Slovak Republic.
The list of the abbreviated codes applied in the analysis and the inserted figures for the separate districts is subsequent: 
Computation Technique
The whole computation, the diagrams and the maps are produced by the R software environment [29] . The rgdal package [35] serves to prepare the maps and the shape package creates the colour palette for the map. The heat maps are generated by the gplots package [36] and the cluster analysis is produced by the NbClust package [30] . The auxiliary work is supported by the data table package [37] and the raster package [38] . There is to note that all the figures and all the tables with the whole contents of the paper are elaborated by the authors.
Results
The whole analysis output can be divided into three sections. The first one is devoted to the analysis of the medical equipment distribution over all the districts of the Slovak Republic. The second one is aimed at the preventable mortality rate of the female sex population and the third one at the preventable mortality rate of the male sex. Each part consists of a description of a situation at the beginning of the explored period in the year 2008, a situation at the end of the explored period in the year 2015, and a situation throughout the whole examined period between these years.
Medical Equipment Distribution
A pair of the two most expensive medical equipment is created by computed tomograph and magnetic resonance imaging scanner. The computed tomograph serves to provide a tomogram that is a computed tomography scan, or in the other words, a computerised axial tomography scan. The magnetic resonance imaging scanner makes available to picture an inner situation of a human body. Sometimes, it is referred to as the nuclear magnetic resonance imaging scanner or very rarely as the magnetic resonance tomograph.
As it is seen in Table 1, 2008  70  33  2009  72  33  2010  78  36  2011  85  37  2012  87  33  2013  86  35  2014  98  44  2015  103  46  2016  100  48  2017  100  51 Source: own elaboration by the authors. As the first point after the above-mentioned figures, there is to note that the distances at the level of 0 are caused by the fact that there is a lot of the districts with zero medical equipment. That is why these districts keep the same level of mutual distance and they are visualised on the same horizontal level. The districts with dark coloured striped possess the extreme positions against the rest of the Slovak Republic meaning that the Bratislava I District, the Bratislava II District, and the Košice IV District create a specific group from a territorial point of view regarding their mutual similarity. Hence, they are ready to apply a potential specific healthcare policy which would be different from the general regional policy applied for the whole Slovak Republic. Having a look at the situations at the beginning and at the end of the examined period, they are very similar to the previously mentioned conclusion. From a point of view of the interpretation, they are almost identical.
The following table shows the ten most extreme districts in a field of the medical equipment distribution for the beginning of the observed period in the year 2008, for the end of the observed period in the year 2015 and a mean situation of the whole observed period.
There is to note that the Euclidean distance shown in the above-mentioned table represents a mean value of the Euclidean distance of the given district in a mutual pair to every other one district of the Slovak Republic. The similarity values demonstrate how long is a Euclidean distance between the particular districts. Its mean value is calculated from all the distances assigned to the singular district. The individual clusters are apparently evident. As Table 2 demonstrates, the most extremely located districts are the Košice IV District, the Bratislava I District, and the Bratislava III District in the year 2008. It can be applied for both ends of the explored period, but with the Bratislava I District on the first position and the Košice IV District on the second position in the year 2015. This ranking of a mean situation for the whole analysed period is the same as for its beginning. A number of the constructed clusters is six, and it remains the same for all the three described cases. Their composition is very similar throughout the witnessed period. The mutual mean similarity decreases rapidly on the lower places of the above-mentioned rankings than on the first several places. The subsequent figures envisage a map visualisation of the districts based on the distances computed according to the distribution of the medical equipment- Figure 7 showing a situation in the year 2008, Figure 8 showing a situation in the year 2015, and Figure 9 showing a situation of the complete explored period.
As it is seen from the three previous figures, the examined medical equipment is localised very centrally in the terms of their concentration to the two largest cities of the Slovak Republic-Bratislava, which is the capital city, and Košice. Both cities are divided into several districts because of its level of population. Bratislava is created by the five districts, and two of them are highlighted-the Bratislava I District and the Bratislava III District. Košice is formed by the four districts, and its surrounding rural area is also represented by the own district. The Košice IV District is the featured district because of its large number of the equipment. A more illustrative view is offered by a successive triplet of the figures where the extreme districts are omitted from the legend scale of the maps. In the previously mentioned three maps visualised on Figures 10-12 , a maximum value to be displayed is determined by the fourth largest Euclidean distance in the appropriate vector of the district's values. Due to this exclusion of the first three largest values, the districts assigned by them are filled by the lightest colour shade, that is, white colour. This step enables to see the similarities of the districts on the remaining positions in a better way. A very dark area in the middle of the Slovak Republic is created by the Banská Bystrica District, the Ružomberok District, and the Martin District. A poorly developed situation is seen in the Vel'ký Krtíš District, where a significant fall is recorded throughout the observed period. 
Female Sex Preventable Mortality
The subsequent diagrams illustrated on Figures 13-18 bear the same structure as the first six figures, although they are aimed at the preventable mortality diagnoses of the female sex. As it is seen from a triplet of the previously mentioned heat maps, the preventable mortality similarity is considerably various among the districts of the Slovak Republic for the female sex.
This implies a peculiar role of the regional healthcare policy because it should be tailor-made for the individual areas of the country in order to be as precise and as efficient as it is possible. There are visible the outliers which a specific policy should be applied on in order to get them into the regime of a remaining area of the country, because the more districts possess the outlying positions, the more complicated it is. Hence, it is determined which regional healthcare policy suits for them best. At the beginning of the explored period, the Piešt'any District, the Považská Bystrica District and the Žilina District perform as the significant outliers, whilst the first one along with the Medzilaborce District stay at the extreme positions at the end of the examined period too. Unsurprisingly, both these districts keep their outlying position throughout the whole observed period and the Banská Štiavnica District with them too.
The subsequent table shows the ten most extreme districts in a field of the female sex preventable mortality for the beginning of the explored period in the year 2008, for the end of the explored period in the year 2015 and a mean situation of the whole explored period.
There is to note that the Euclidean distance shown in the above-mentioned table represents a mean value of the Euclidean distance of the given district in a mutual pair to every other one district of the Slovak Republic meaning it expresses a potential similarity to each district. As Table 3 states, the most extreme triplet of the districts at the beginning of the explored period is created by the Piešt'any District, the Žilina District, and the Považská Bystrica District. During this period a situation of the female sex changed noticeably as the Medzilaborce District, the Piešt'any District, and theČadca District stand at the top with the most extreme values. In a case of the whole period, besides the Piešt'any District and the Medzilaborce District, the Banská Štiavnica District holds the third position. Generally, the whole period seems to be raging. The following figures visualise a geographical view of the Slovak Republic districts according to the distances calculated regarding the female sex preventable mortality data-the beginning of the explored period is visualised in Figure 19 , the end of this period on Figure 20 , and the whole period on Figure 21 .
The above-mentioned maps appropriately illustrate the development of the similarity of the districts in a field of the standardised mortality rate of the preventable diagnoses for the female sex. A considerable shift to the most extreme values is seen in a case of the Medzilaborce District and the Žilina District. Also, the Banská Štiavnica District and theČadca District are on a move to the maximum values. The Dunajská Streda District, the Liptovský Mikuláš, the Šal'a District, and the Zvolen District are the ones where a similar movement is visible. An opposite shift is seen in the Trnava District and partially in the Košice-okolie District too. 
Male Sex Preventable Mortality
The subsequent diagrams visualised on Figures 22-27 keep the same structure as the previous six ones, regarding their aiming at the preventable mortality diagnoses of the male sex. The outcome of the similarity heat maps is for the male sex different absolutely as for the female sex. The Tvrdošín District is the only district with an outlier attribute observing the beginning of the explored period. There are the four districts located at the extreme position at the end of this period-the Partizánske District, the Považská Bystrica District, the Kysucké Nové Mesto District, and the Svidník District. A look at the heat map of the whole explored period offers the most varying view certainly. None of the districts can be selected as the proper outlier.
The succeeding table shows the ten most extreme districts in a field of the male sex preventable mortality for the beginning of the explored period in the year 2008, for the end of the explored period in the year 2015 and a mean situation of the whole explored period.
The same legend as for Table 3 is valid also for Table 4 . As Table 4 expresses, the Tvrdošín District, the Bytča District, and the Senec District represent the most extreme districts in the year 2008, whilst in the year 2015, it is an absolutely different triplet-the Partizánske District, the Svidník District, and the Považská Bystrica District. Also, other different districts represent the most extreme triplet of the whole period -the Kežmarok District, the Banská Štiavnica District, and the Sobance District. The subsequent figures picture a geographical outlook of the Slovak Republic districts based on the similarity computed through the Euclidean distance for the male sex preventable mortality rate- Figure 28 illustrating the beginning of the examined period, Figure 29 the end of this period, and Figure 30 the whole period. A situation is categorically different for the male sex as it is for the female sex. The following districts have moved to the extreme values-the Banská Štiavnica District, the Kysucké Nové Mesto District, the Malacky District, the Myjava District, the Partizánske District, the Považská Bystrica District, the Rožňava District, the Ružomberok District, the Rožňava District, and the Svidník District. Besides these districts, also the Bratislava III District, the Bratislava V District, the Košice I District, and the Košice IV District have got their distances higher. An opposite situation has occurred only the Tvrdošín District where its extreme value has been decreased. Overall, there are districts with an increasing number of distances, that is, becoming more dissimilar with their surroundings than vice versa.
Discussion
A focus of this research is not only on the avoidable mortality and within it on the preventable mortality, which is influenced by the availability of healthcare. It also includes the availability of medical equipment. Looking at the results of the analysis, the interesting findings can be seen. The number of computer tomographs and magnetic resonance imaging scanners in the individual districts has been increasing since 2008, with the exception of stagnation of a number of magnetic resonance imaging scanner in the last three years. Although there is a noticeable increase in the number of the explored medical equipment, its distribution within the districts is considerably uneven. These findings confirm the result of the cluster analysis. The extreme values in the terms of its distribution are achieved by the Košice IV District at the level of 7.50630 units of Euclidean distance, the Bratislava I District at 6.56821, and the Bratislava III District at 4.35243 throughout the whole explored period. This is related to the fact that there are large university hospitals and the specialised healthcare facilities in these districts who's diagnostic and treatment processes are associated with the usage of this medical equipment. The outcome of the analysis of the preventable mortality rate during the same period point to the different regional distribution than the computed one regarding the medical equipment, both for the female sex and the male sex. The preventable mortality rate has developed differently within the individual districts throughout the observed period. The highest values are reached by the Piešt'any District peaking at the level of 10.97969 units of Eucliden distance, the Medzilaborce District at 10.92476, and the Banská Štiavnica District at 9.99689. Regarding the sexes, the results of the preventable mortality rate are more heterogeneous in the male sex than in the female sex within the individual districts. There is also a complete alteration in the extremely ranked districts during the explored period. From a statistical point of view, the averaging of the data for the whole period is also an affecting factor. Development of the preventable mortality rate values has been uneven not only in a territorial point of view, but also from a time aspect. In many districts with a recorded increase in the mortality rate, there is a decline in several years, and vice versa. Among the extreme districts with the highest recorded preventable mortality rate, the Kežmarok District is placed on the first position peaking at 9.44088 units of Euclidean distance, the Banská Štiavnica District at 9.10647, and the Sobrance District at 9.09178. The following table offers a view on the districts, where there is an absolute lack of computed tomographs and magnetic resonance imaging scanners.
As it is seen in Table 5 , the districts with no explored medical equipment bear the high levels of the preventable mortality rate. The mean preventable mortality rate is calculated for the whole observed period. The final column represents an order of the district according to the mean preventable mortality rate among all the districts of the Slovak Republic. Though, a majority of the districts mentioned here comes from the lower half of an ordered list. It is a clear sign of an inappropriate state of health held by the population of the districts where no computed tomograph and magnetic resonance imaging scanner is available.
The districts with at least one piece of the examined medical equipment show the lower levels of the preventable mortality rate in general. Moreover, Table 6 shows another interesting fact too. Although, the six worst districts possess any of the explored medical equipment. However, there are other possible causes of this state too. By a comparison of the mean preventable mortality rate values, it is easily demonstrated that a presence of the diagnostic medical equipment influences this rate, because the territory of the districts without the examined medical equipment bears the preventable mortality rate at the level of 745.3945 and this value is remarkably higher than the level assigned to the remaining part of the country without the mentioned medical equipment standing at 700.8709.
Uneven distribution of the medical equipment over the country could also affect the regional disparities in a mortality rate development. In the period when the availability of computed tomography and magnetic resonance imaging is very limited, the introduction of a finding that an increase in computed tomographs leads to the regional differences in its deployment and usage is found in the study [6] . Already during this period, they stress the need to create regional computed tomography system for their optimal regional distribution. The reason is to achieve lower total costs within such a system. There is a clear tendency to disseminate the outputs towards confronting their abundance with the quantifiable economic parameters also in many other research studies aimed at exploring the regional differences in the distribution of medical equipment. These parameters are examined by the several authors in the early stages, for instance in the procurement of the medical equipment [19] , as well as in the final stages, for instance in the assessment of economic efficiency of their usage [39, 40] .
However, research studies that confront the distribution of the medical equipment with the development of the mortality rate are absent. Looking at the core of preventable mortality, one of the possibilities of its elimination is higher availability of healthcare and a higher quality of its provision. This is also ensured to a greater extent by a higher level of the medical equipment usage. Therefore, it is important to look for a causal relationship between the condition and development of mortality and the distribution of the medical equipment. A high rate of the medical equipment usage in a given location should correspond to a low level of the preventable mortality rate and vice versa. If these relationships are not confirmed, it is important to examine other factors that cause such association. Health literacy and health behaviour, as well as a wide range of the socio-economic factors related to economic and social inequalities in the regions, are also highlighted. An interesting research trajectory would be to investigate the regional differences in the distribution of the medical equipment and preventable mortality within the least developed districts, which are also defined by the legal norm [41] . It is expected that the status of the least developed regions can also be related to a number of the healthcare facilities and the limited choice of healthcare services which are provided by them.
There are several limitations to this study. Mainly, they are related to the source database. The data from the National Health Information Center on the medical equipment are obtained only at a district level in the most detail without the possibility of assigning them to the specific healthcare facility in the particular district of the Slovak Republic.
Another limitation of the study is the type of medical equipment that is analysed. Although the numerous studies declare an influence of computed tomograph and magnetic resonance imaging scanner numbers on the condition and development of mortality of serious diagnoses, their number in the individual districts is recorded only in units, not at least in tens of units. This seriously limits a choice of an appropriate methodological procedure to investigate causal relationships between the numbers of this medical equipment and mortality, as for instance an increase by one unit from a basement at the level of one unit means a relative increase by 100%.
Nevertheless, this study bears the significant dissemination outputs for health policy interventions, for instance, to draft regional healthcare plans for a deployment of the computed tomograph and magnetic resonance imaging scanner, especially in locations with the high preventable mortality rate. Specific prevention programmes would play an important role in this field. They should be a part of the policies that affect the regulation of a medical equipment deployment as well as the regulation of the financial resources necessary to maintain it. It is also important to create new action plans for healthcare technology management and health technology assessment. This is related to the fact that in addition to the previously preferred assessment techniques of health-related aspects of the medical equipment, nonclinical areas and the impact of medical devices on organizational processes have recently begun to be measured. These dimensions are also extremely important for improving the quality of healthcare, which is immediately reflected in the level and structure of morbidity and mortality. These consistent facts reaffirm the importance of health technology distribution assessment in relation to mortality reflecting the quality and availability of healthcare in the region.
The limitations lie in a field of the data set partially. The main ambition of the analysis is to investigate the relationship between the medical equipment along with its localisation in the particular healthcare facilities over the districts of the Slovak Republic and the standardised mortality rate of the preventable diagnoses. However, such detailed data are not available from the National Health Information Centre. Another limitation is a lack of studies that declare and assess the level of the benefits of the diagnostic processes using the examined medical equipment. Hence, also a lack the studies to reveal a relationship between the mentioned diagnostic processes and the particular preventable mortality diagnoses. It would be beneficial to add also further information about the medical equipment. In general, use of the observed types of the medical equipment is a very demanding issue. A missing interconnection of the morbidity database and the mortality database performs as a key factor. There are no analyses, which use of the diagnostic medical equipment is investigated in relation to early reveal of the potential diseases in. A possible field to research is offered by the inspection of the various stages of the diseases with a concentration on the primary phase of the disease outbreak. This study could put pressure on the development of the above-mentioned healthcare database and their modification for their use in the analytical processes that could help to improve health policy plans and hence, it would be valuable to the international and national benchmark.
Conclusions
The outcome of this analysis is offered mostly in a visualisation form. This makes it possible to better assess the relationship that is the primary subject of the research. The main aim of the study is to investigate the relationship between the spatial distribution of the selected medical equipment and preventable mortality in the regions of the Slovak Republic in the period beginning in the year 2008 and ending in the year 2015. The 27 groups of the preventable mortality diagnoses and the two types of the medical equipment, where computed tomograph and magnetic resonance imaging scanner belong, are examined within all the districts of the country. After exploration of a wide range of the international research studies, it is found out that the problem of the distribution of the investigated medical equipment is largely solved in the two research lines-as research of the geographic distribution of this medical equipment and as the evaluation of its efficiency. As many studies report, the efficiency of its usage depends not only on their number but also on the types of treatment and diagnostic processes that are set for its use. These processes are influenced by centralised or decentralised systems as well as many regulatory and stabilisation mechanisms in the healthcare system of the countries. Therefore, investigation of the causalities associated with the efficient usage of the medical equipment is very tricky. It is much more difficult to investigate the relationship between the usage of medical equipment and the mortality rate. Mortality is a complex and problematic indicator in terms of healthcare quality assessment. Its condition and development are influenced, among other factors, by the availability of healthcare and the availability of healthcare facilities. Hence, to explicitly quantify the ratio of the individual factors to its state and development is considerably demanding from a methodological point of view too. 
